Calcific uremic arteriolopathy (calciphylaxis) is a devastating but rare complication seen predominantly in dialysis patients that often is fatal. Because of the rarity of the disease and the multifactorial nature of its cause, no clinical trials have been conducted to date to determine the best therapy for the condition. We report a case series of 7 patients at a single institution in whom a systematic multi-interventional treatment strategy was implemented, consisting of trigger-agent cessation (calcium-based phosphate binders, alphacalcidol, and warfarin), wound management, and antibiotic therapy, supplemented by intensified hemodialysis (4 hours daily for 7 days followed by 5-6 times weekly), intravenous sodium thiosulfate (12.5-25 g intravenously 3 times a week), and attempted oxygen therapy (given through a face mask or hyperbaric chamber as tolerated by patient circumstance). Treatments selected were based on literature review, consensus discussion, and attempts to address the physiologic disturbances that underlie the condition. All 7 patients identified with biopsy-proven calcific uremic arteriolopathy were treated with this regimen in 2007-2010, with 6 of 7 showing complete recovery. We suggest that consistent implementation of a multi-interventional approach may alter the course of this devastating disease. Further studies are needed to confirm and extend these findings. Am J Kidney Dis. xx(x):xxx.
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Calciphylaxis; improved outcomes. C alcific uremic arteriolopathy (CUA; calciphylaxis) is a rare but devastating complication of end-stage renal disease occurring in 1%-4% of dialysis patients annually. 1, 2 CUA is characterized by the deposition of calcium-phosphate products in smallvessel media, leading to subsequent fibrosis, stenosis, and ultimately, thrombosis. 2 Clinically, patients present with subcutaneous nodules or plaques, typically in proximal areas composed of adipose tissue, such as thighs and abdomen, that progress to violaceous lesions. If untreated, these lesions necrose and ulcerate due to local tissue hypoxia. The clinical course often is complicated by secondary infection and sepsis, with mortality rates as high as 80%. 2, 3 Traditionally quoted risk factors for CUA include secondary hyperparathyroidism, hyperphosphatemia, hypercalcemia, calcium-based phosphate binders, female sex, obesity, diabetes, protein C deficiency, and warfarin use. 4 Nonetheless, the pathogenesis of CUA remains poorly understood and thus there is a lack of consensus about the optimal treatment.
Successful recovery from CUA has been reported with treatments aimed at decreasing parathyroid hormone levels through parathyroidectomy [5] [6] [7] [8] or cinacalcet, [9] [10] [11] decreasing serum calcium and phosphate levels through the use of low-calcium dialysis 12 and bisphosphonates, 13, 14 and reversing calcium-phosphate deposition through the use of sodium thiosulfate. [15] [16] [17] [18] [19] Similarly, good outcomes have been reported with treatments aimed at improving local tissue oxygenation through hyperbaric oxygen [20] [21] [22] [23] [24] [25] and ozone therapy. 26 Tissue plasminogen activator 27 and prostacyclin 28 also have been reported to reverse the disease process.
Given the relative absence of a unified recommended treatment approach in the current literature and practice, we aimed to systematically implement a specific multi-interventional treatment protocol and evaluate the results of this application at a single institution. The protocol addressed key symptoms and risk factors and was based on literature review and input from pharmacists, nephrologists, and nurses. We report the success of this approach in a consecutive case series of 7 patients during the last 3 years. Patient demographics, including cause of end-stage renal disease and laboratory values, are listed in Table 1 . Mean age of patients was 65.1 years, all were white, most were women, 4 were obese, and all had multiple comorbid conditions. One patient (patient 1) had been treated previously for hyperparathyroidism with parathyroidectomy. Four patients were on vitamin D therapy with alphacalcidol (patients 4, 5, 6, and 7). Five of 7 patients were on PD therapy at presentation. Lesions involved the extremities (distal and proximal) in all patients and the abdomen in 1; ulceration was present in 3 patients.
Specific details of treatment regimens are listed in Table 2 . The multi-interventional treatment protocol is described in detail in Item S1 (provided as online supplemental material) and consisted of conventional treatment with trigger-agent cessation, wound management, and antibiotic therapy supplemented with intensified HD, intravenous sodium thiosulfate, and oxygen therapy. For sodium thiosulfate intolerance (due to nausea), substitution with deferoxamine was implemented (patient 7). Cinacalcet was administered to 4 patients (patients 2, 5, 6, and 7) for elevated intact parathyroid hormone levels Ͼ369.2 pg/mL (Ͼ369.2 ng/L). Similarly, noncalcium phosphate binders were administered for phosphate control (patients 2, 3, 5, 6, and 7). Dialysate calcium concentrations ranged from 2.0-4.0 mg/dL (1.0-1.5 mmol/L). All patients who converted to intensified HD therapy continued on HD therapy after resolution of CUA, except for 1 patient who received a kidney transplant 12 months after her presentation with CUA (patient 5).
Delivery of oxygen therapy was variable across the case series. Reasons include inability to tolerate or receive the hyperbaric oxygen therapy (transportation or logistic issues) or patient nonad- Note: Patients received 3-18 (mean, 10.9) weeks of therapy and were followed up for 7.5-32 months (mean, 21.1 months; patients 1-5 and 7) after resolution of lesions. All patients remained on HD therapy except for patient 5, who received a kidney transplant 12 months after presentation.
Abbreviations: HD, hemodialysis; NA, not applicable.
herence to face-mask therapy. Four patients underwent oxygen therapy by face mask and only patient 6 underwent hyperbaric oxygen therapy. Two (patients 1 and 2) received all or part of their treatments as outpatients.
Patients received 3-18 weeks of therapy (mean, 10.9 weeks) and were followed up for 7.5-32 months (mean, 21.1 months; patients 1-5 and 7) after resolution of lesions. Resolution of calciphylaxis was defined as resolution of pain symptoms, disappearance of lesions, and scabbing of ulcerations. All except 1 patient had complete resolution of lesions. Although the patient (patient 6) experienced improvement in CUA lesions, her course was complicated by severe peripheral vascular disease requiring multiple bypass surgeries, followed by stroke and sepsis secondary to an infected ischemic right leg postoperatively. The patient and family opted for comfort care. Patient 1 experienced complete resolution of CUA lesions but died 1 year later of stroke.
DISCUSSION
We present the outcomes of patients treated with a prespecified multi-interventional approach to CUA. We systematically introduced the regimen into clinical practice and evaluated outcomes objectively. Results presented here are substantially better (86%) than those in the literature (Ͻ20%). 2, 3 The only patient who did not recover had several confounding issues related to her premorbid condition. The remaining 6 recovered completely and continued on HD therapy without recurrence. The mainstays of therapy included the removal of potential trigger agents, wound care, and antibiotics supplemented with intensified HD, use of chelating agents (sodium thiosulfate, 6 patients, and deferoxamine, 1 patient), and treatment of hyperparathyroidism and hyperphosphatemia with cinacalcet and nonphosphate calcium binders, respectively. Given the association of warfarin with CUA and current controversies with respect to the use of warfarin in HD patients, warfarin therapy was not resumed after resolution of CUA. Antiplatelet agents and heparin on dialysis therapy were believed to be adequate treatment for these individuals given the risk.
The sample size is small but typical of the literature in this area, as are the characteristics of the cohort: mostly women and on PD therapy. The multipronged intervention was based on a set of principles, which in practice were implemented with some variability. Individual circumstances accounted for that variability. Chelation therapy was well tolerated by most. One patient had improved initially with sodium thiosulfate therapy but experienced severe nausea and thus converted to deferoxamine therapy based on the potential importance of chelation and our recent observations of the deposition of iron in lesions of CUA. 29 Oxygen therapy implementation was inconsistent due to patient tolerance issues, but may be the least important of the strategies. Because recovery rates were not different between those who did and did not receive oxygen in any form, its benefit remains questionable. Hyperbaric oxygen therapy may be an important adjunct therapy, but given that most did not receive it, we cannot comment on its utility.
Which of the specific components in this regimen are responsible for these results? Recent reports of sodium thiosulfate have described similarly positive effects, but also were combined with other strategies. However, these were variable and not articulated within a consistent protocol described here. [16] [17] [18] We propose that the multi-interventional protocol and perhaps the synergistic effect of each aspect of the strategy is responsible for the positive outcomes for this complex condition.
The improved outcomes reported here provide encouragement for this condition. A pragmatic trial using a multi-interventional treatment protocol consistently applied to all cases would further validate this approach.
